Background: Subarachnoid block is widely used for cesarean section due to the rapid induction, the complete analgesia, the low failure rate and the prevention of aspiration pneumonia. The addition of intrathecal opioids to local anesthetics seems to improve the quality of analgesia & prolong the duration of analgesia. Therefore we compared the effects of fentanyl 20 μg and sufentanil 2.5 μg, which were added to intrathecal hyperbaric bupivacaine.
Introduction
There are two general types of regional anesthesia for cesarean section and these are the spinal and epidural techniques. Both these techniques are commonly used to reduce the complications associated with general anesthesia such as pneumonia, post operative pain, etc. Spinal anesthesia is simpler to place and it works fast enough to obtain effective sensory and motor block and so its use is increasing.
Hyperbaric 0.5% bupivacaine is often used for spinal anesthesia, and this drug is wellknown to reduce visceral pain more effectively than tetracaine, which was commonly used before bupivacaine became available. However, sometimes bupivacaine may fail to prevent visceralgia and the induced pain during traction of the peritoneum [1] . To compensate for this shortcoming, the addition of a small portion of opioid to the local anesthetics is widely used clinically as a more effective method to improve the quality of intraoperative anesthesia and control the postoperative pain [2] .
Morphine as an aqueous opioid is the most studied among the opioids and it has an advantage of being a longacting analgesia, but its onset time is slow and there exists sideeffects such as nausea, vomiting and respiratory depression [3, 4] , and this has encouraged research on other opioids. On the other hand, fentanyl or sufentanil as a liposoluble opioid is known to have less such sideeffects and to be effective for maintaining the proper depth of anesthesia and controlling the post operative pain [5] .
Even though there are many research reports on the effects of individual opioids or that have compared morphine and other liposoluble opioids, there are only rare studies that have compared between liposoluble opioids. We compared the clinical effects of adding fentanyl 20 μg or sufentanil 2.5 μg to hyperbaric bupivacaine to that of the control group that was without any opioid additives.
Materials and Methods
The present study was approved by our Institutional Bioethics Board for clinical research and the study population consisted of seventy two fullterm parturients with an American Society of Anesthesiologists physical status of III and they were scheduled to undergo elective cesarean section and they consented to receive spinal anesthesia. The parturients who had contraindications to spinal anesthesia or a high risk of gestational hypertension, diabetes and/or placenta previa were excluded.
The seventy two parturients were randomly divided into three groups of 24 persons each: Group C (the control group without any opioid additives), Group F (with the addition of fentanyl 20 μg) and Group S (with the addition of sufentanil 2.5 μg). These groups were based on the adjusted dose regimen for hyperbaric bupivacaine 0.5%, with giving consideration to the patients' heights and weights when it was used as spinal anesthesia for cesarean section as in Harten et al. 's report [6] .
All the subjects did not receive any premedication and at their arrival into the operating room (OR) they were intravenously injected with 10 ml/kg Ringer's lactate solution via an 18G venous catheter until the induction of anesthesia. The electrocardiogram (EKG), a noninvasive autoblood pressure (BP) measurement instrument and pulse oximetry were set up for monitoring the vital signs, while oxygen was provided at 5 L/ min using face mask ventilation until the end of the operation.
To perform spinal anesthesia, the patients were placed into a right lateral decubitus position and after the needle insertion site was disinfected, a dural puncture was made with a 26G Whitacre spinal needle at the L3L4 or L2L3 lumbar vertebrae space. The location of the subarachnoid space was then confirmed by the leakage and aspiration of cerebrospinal fluid (CSF). Each hyperbaric solution of bupivacaine (Table 1) was slowly injected to the patients of each group for approximately 30 seconds: there was no addition of opioid for Group C, fentanyl 20 μg was added for Group F and sufentanil 2.5 μg was added for Group S.
From the end of injecting the local anesthetics, the patients' BP and pulse were measured at 2 minute intervals during the first 20 minutes and thereafter at 5 minute intervals until the end of the operation. A systolic BP under 90 mmHg or a BP decreased to 20% of the first measured BP was defined as hypotension, and ephedrine 4-8 mg was promptly intravenously infused. We recorded the sideeffects that the patients complained of such as nausea, vomiting, pruritus and/ or chills. The sensory block division levels were evaluated by pinprick tests that were done at 2 minute intervals after the induction of anesthesia, while the level of motor blockade was assessed using the Modified Bromage scale. That is, movements are recorded on a fourpoint scale: 0 = able to raise an extended leg was no motor block; 1 = unable to raise an extended leg, but able to flex the knee; 2 = unable to flex the knee, but with free movement of the ankle; 3 = unable to flex the ankle. The peak sensory block level, the degree of motor blockade, the sensory block levels and the Bromage scale 120 minutes after the induction of anesthesia were also measured. The operation began only when the sensory block level was T6 or above. The degrees of muscle relaxation during the operation, which the surgeons rated, were classified into 4 grades: 1 = poor, 2 = fair, 3 = good and 4 = excellent. The intra operative analgesic effects were estimated as 4 grades: excellent = the patient felt comfortable during operation, no complaints; good = a little discomfort but no need for additive medication; fair = discomfort, but controlled by additive medication such as fentanyl, propofol, dormicum, etc.; poor = unable to be controlled even with additive medication.
The degree of intraoperative sedation of the parturients was described as 1 = awake and nervous, 2 = awake and calm, 3 = sleepy but easily aroused and 4 = sleepy and not easily aroused. The surgical team was previously informed to connect the patient controlled analgesia (PCA) at the time when the patients needed analgesics due to postoperative pain. The effective analgesic duration was indirectly evaluated by recording the interval time from the time point of completion of infusing the local anesthetics to that of connecting the patient to the PCA. The Apgar scores were recorded at 1 and 5 minutes after birth to assess the health of the newborn infants.
For statistical comparison between the three groups, Chi square tests and Fischer's exact tests were used for the maxi mum Bromage scale (hereafter referred to as the max. B/S), the Bromage scale at 120 minutes after the induction of anesthesia (hereafter hereafter referred to as the B/S 120 min), the side effects (hypotension, nausea, vomiting, pruritus and/or chills), degree of muscle relaxation, the intraoperative analgesic effects and the sedation conditions. Oneway ANOVA was used for the other observed results, and statistically significant differences were confirmed by Turkey test among the multiple comparison methods. For all of the statistical processes, P values < 0.05 were considered statistically significant.
Results
There were no differences between the three groups for age, height, weight and the operation time, while the mean volumes of bupivacaine used for Group C, Group F and Group S were 9.3 ± 0.7, 9.3 ± 0.8 and 9.4 ± 0.5 mg, respectively, and there were no statistically significant differences. In addition, the infused amount of intravenous (IV) fluid, the frequency of hypotension and the dosage of ephedrine did not reveal any significant differences (Table 2) .
A peak sensory block height of > T4 was attained in each group, and there were no significant differences between the three groups ( Table 3 ). The sensory block height at 120 minutes after the induction of anesthesia, the max. B/S and the B/S 120 min did not show any significant differences between each group (Table 4) .
As for the degree of muscle relaxation, the number of the patients who were assessed as 'good' or above in Group C, Group F, and Group S was 10, 19 and 20, respectively, and which Group F and Group S reached a high level and this showed statistical significance as compared with that of Group C. For the intraoperative analgesic effects, the number of the patients who were evaluated as 'good' or above was 2, 20 and 21 for Values are means ± SDs. N = 24 in each group, Group C: control Group F: fentanyl 20 µg, Group S: sufentanil 2.5 µg. Values are the number of patients. The modified Bromage Scale. 0: no motor block, 1: unable to raise an extended leg (able to flex the knee), 2: unable to flex the knee (able to move the foot only), 3: unable to flex the ankle (unable to move the foot or knee).
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Group C, Group F and Group S, respectively, and Group F and Group S showed excellent results ( Table 5 ). The duration of effective analgesia, as indirectly measured by the PCA connecting time, showed significance differences between Group C and both Group F and Group G, whereas there was no significant difference between Group F and Group G (Table 6) .
For the degree of intraoperative sedation of the parturients, the majority of the Group C patient were awake and nervous, whereas the number of parturients who were awake in a comfortable condition or drowsy, but easily arousable was 22 and 23 for Group F and Group G, respectively, which indicated a statistic difference from the control group (Table 7) . Among the complications, the incidence of nausea and pruritus was significantly increased in Group F and Group S rather than in Group C, while other complications did not show any significant difference between the groups (Table 8) .
The Apgar scores measured at 1 minute and 5 minutes after birth were 8-9, and there were no differences between the three groups.
Discussion
There are two general categories of anesthesia for cesarean section: general anesthesia and regional anesthesia. Due to its efficacy to reduce the risks of aspiration pneumonia and fetal suppression induced by the systemic administration of anesthetics, regional anesthesia is now much preferred to general anesthesia. Spinal block is more commonly used in clinical practice than epidural block out of the regional anesthesia techniques because spinal anesthesia is less technically complicated, it is faster to induce anesthesia, it works well for intraoperative analgesia, it excels for muscle relaxation and it uses a small dosage of local anesthetics. However, spinal block also has disadvantages such as the incidences of hypotension and postdural puncture headache (PDPH), the difficulty in controlling the height of anesthesia, etc. [79] .
For spinal anesthesia, it is known that the use of a single local anesthetic may be incomplete for blocking the intraoperative pain, the patient is vulnerable to visceralgia during traction of the peritoneum and there is more difficultly for controlling the postoperative pain than when using epidural anesthesia [1] . Although an attempt to raise the block height by increasing the volume of local anesthetics was tried in an effort to resolve such problems, this turned out not to be a complete solution when considering such reports that there exists risks of blocking the cervical spinal nerves and total spinal block [7] and that the use of bupivacaine 15 mg caused intraoperative pain. Several research papers have argued that the addition of various opioids to local anesthetic showed improved the intraand post operative analgesic effects [2, 5, 1012] , which is attributed to the block of the olfactory sensation of the spinal tract when administering opioid into the subarachnoid space [13] .
Morphine is the most studied (aqueous) opioid, and it is characterized by a slow onset time because it is so ionized in the subarachnoid space that it is slowly absorbed into the opioid receptors of the spinal cord, and morphine has a long period of action because it remains at a high density in the subarachnoid space, while there exists the possibility that prolonged hypoventilation may be induced by the rostral spread of administered morphine [3, 4] . On the other hand, fentanyl Values are the number of patients. *P < 0.05 vs Group C. Values are the number of patients. *P < 0.05 vs Group C. Values are the number of patient. Values are means ± SDs. *P < 0.05 vs Group C.
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and sufentanil, which are both liposoluble opioids, have a faster onset time and a shorter period of action because they rapidly interact with the opioid receptors of the spinal cord, and they have a low risk of hypoventilation due to their limited rostral spread [5] .
There are different opinions about the proper dosage of bupivacaine used in the spinal anesthesia for Cesarean section, but a recent study suggested that the addition of fentanyl 0.15 μg/kg or meperidine 0.25-5.0 mg/kg to a mixture requires only 9 mg of hyperbaric 0.5% bupivacaine to attain a proper height of anesthesia [14] and that the addition of fentanyl 10 μg to 0.5% hyperbaric bupivacaine 8 mg is able to maintain a proper height of anesthesia [15] . Harten et al. [6] reported that comparison between a fixed dosage regimen of local anesthetics and a dosage regimen of local anesthetics adjusted to the patient's height and weight revealed that the adjusted dosage regimen reduces the incidence of hypotension, it reduces the admini stered dose of ephedrine and the blocked height levels and it maintains a proper height of anesthesia.
In this regard, the present study decided on the dosage of local anesthetics by referring to the table of the adjusted dose regimen for hyperbaric 0.5% bupivacaine suggested by Harten et al. [6] ( Table 1 ).
Studies that have compared the maximal block levels when sufentanil was added at spinal anesthesia for Cesarean section [16, 17] as well as Dahlgren et al. 's research [2] supported that block up to T4 is the adequate anesthesia height during operation. The present study also found that the maximal block level reached the proper block height of T4 or above, which is enough for the operation, and there was no incidence of excessively high block.
Among the studies on the effects of opioid additives on intra operative analgesia, Chu et al. [16] reported that the addition of fentanyl 12.5 μg or 15 μg to hyperbaric 0.5% bupivacaine 15 mg significantly reduced the intraoperative pain as compared with the control group, while Hunt et al. [17] showed that the groups administered additional fentanyl 0.25, 0.5 and 0.75 μg/kg complained of no intraoperative pain. In the present study, 22 out of 24 patients in the Control Group needed additional drugs and they showed unsatisfactory analgesic effects, whereas 21 in the fentanyl 20 μg Group and 21 in the sufentanil 2.5 μg Group did not require additional drugs and they showed satisfactory analgesic effects during operation.
The duration of effective analgesia is improved by the addition of sufentanil 5.0 and 7.5 μg according to Braga Ade et al. [18] and it is effectively prolonged by the addition of sufentanil 1.5, 2.5 and 5.0 μg. Comparison of fentanyl and sufentanil [2] demonstrated that the duration of effective analgesia was significantly increased in the sufentanil 2.5 and 5.0 μg groups in contrast with that of the control group and the fentanyl 10 μg group. In the present study, the groups that were administered fentanyl 20 μg and sufentanil 2.5 μg showed a significantly increased duration of effective analgesia, as compared with that of the control group, while there was no difference between the fentanyl 20 μg and sufentanil 2.5 μg groups.
In the present study, vomiting and chills did not show any significant differences between the three groups, while the incidences of nausea and pruritus were increased more significantly in the opioidadded groups than in the control group, which indicates results similar to the previous research. Studies by Braga Ade et al. [18] and Demiraran et al. [19] revealed that the incidence of pruritus increases as the dose of the added sufentanil increases. In a previous study, the incidence of pruritus with the administration of opioid into the subarachnoid space was 62% for morphine, 67% for fentanyl and 80% for sufentanil [20] . Although the mechanisms of neuraxial opioidinduced pruritus remain unclear, it is postulated that not only the activation of an itch center in the central nervous system (CNS) and the medullary dorsal horn, but also the antagonism of inhibitor transmitters are involved [21] . The treatment for opioidinduced pruritus includes antihistamines, opiateantagonists, propofol, NSAIDS, 5HT3 receptor antagonist (Ondansetron), etc., among which propofol and Ondansetron are commonly used [21, 22] .
The fact that the Apgar scores of the newborn babies were not significantly different between the groups and that the Apgar scores at 1 and 5 minutes shows high scores of 8 or 9 seem to suggest that opioid administered into the subarachnoid space does not suppress newborn infants, which is consistent with the previously mentioned studies.
In conclusion, the groups with fentanyl 20 μg and sufentanil 2.5 μg added to hyperbaric 0.5% bupivacaine showed good muscle relaxation and enough intraoperative analgesia for a Caesarian operation, and they had a prolonged duration of effective analgesia, compared with that of the control group. Considering that the groups that received fentanyl 20 μg and sufentanil 2.5 μg showed a significant increased incidence of nausea and pruritus, further dosedependent studies are required to determine the optimal doses of fentanyl and sufentanil.
